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The physiography, geology and climate of the Villiers - Grootvlei area are described. The vegetation of the 
Bb Land Type is classified, by means of the Braun-Blanquet method, in three communities. One of the 
communities is divided into four sub-communities. The communities are related to spesific environmental 
conditions. 
Die fisiografie, geologie en klimaat van die Villiers - Grootvlei area word beskryf. Die plantegroei van die Bb 
landtipe is deur middel van die Braun-Blanquet metode geklassifiseer in drie gemeenskappe. Een van die 
gemeenskappe is verder onderverdeel in vier sUb-gemeenskappe. Die gemeenskappe is gekoppel aan 
spesifieke omgewingstoestande. 
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Introduction 
The term grassland is well established, is effectively 
descriptive and is preferred to the vernacular grassveld, 
because of the former's local and international acceptance. 
The Grassland Biome is found mainly on the high central 
plateau of South Africa, inland areas of the seabord of Natal 
and mountain areas of the south-eastern Cape Province. The 
biome extends over 343000 km2 or 16.5% of South Africa 
(Rutherford & Westfall 1986). The Grassland Biome is an 
important region for maize, wheat and other agricultural 
produce such as meat, wool and dairy products. The 'White 
Paper on Agriculture Policy' (1984) refers to the decline of 
the natural pasturage and warns that indiscriminate land-use 
practices and the over-exploitation of the natural resources 
may lead to a decrease in the living standards (and quality) 
of the population. The veld type description of Acocks 
(1988) is the only available vegetation classification of the 
Highveld region. This classification was of a rather general-
ized nature and a more detailed description and mapping of 
the vegetation of the Highveld region according to the asso-
ciation of vegetation with distinct soil-climate combinations 
is therefore a necessity (Landbou-ontwikkelingsprogram: 
and occupies an area of about 700 km2 (70 000 ha) in the 
vicinity of Grootvlei, southern Transvaal, and a small area 
adjacent to Villiers in the northern Orange Free State 
(Figure 1). 
Hoeveldstreek 1986). The aim of the study is to describe 
and classify the vegetation of the Villiers - Grootvlei area, 
and to relate the vegetation to factors governing its be-
haviour and its interactions with the environment (Edwards 
1972, 1979). This specific study area was chosen as a key 
area for future extrapolation to the surrounding areas and as 
a link between the western and eastern parts of the Grass-
land Biome. 
The study area 
The 2628DC GROOTVLEI Topocadastral map (1:50000) 
(Government Printer, Pretoria, 1978) was used as the base 
map. 
The study area is situated between latitudes 26°45'5 and 
2rOO'S, and between longitudes 28°30'E and 28°45'E 
Physiography 
Geology 
The dominant parent material or combination of materials 
influence the texture, i.e. clay or sand percentage, the effec-
tive depth and the base status of the soil derived from it. 
These soil characters influence the species composition of 
the vegetation (Landbou-ontwikkelingsprogram: Hoeveld-
streek 1986). 
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Figure 1 The location of the study area, based on the 2628 OC 
GROOTVLEI 1 : 50 000 Topocadastral map (Government Printer, 
Pretoria 1978). 
240 
The geology of the study area is characterized by the 
Karoo Sequence, Ventersdorp Supergroup and the Wit-
watersrand Supergroup (Figure 2). The Ecca Group of the 
Karoo Sequence occurs in the southern and eastern parts 
while the Ventersdorp Supergroup and Witwatersrand 
Supergroup occur in the central and northern parts of the 
study area (SACS 1980) (Figure 2; Table 1). Shales and 
sandstone of the Middle Ecca sediments form a gently 
undulating landscape with a moderately thick soil mantle. 
Dolerite intrusions as dykes and sheets are prominent in the 
south-western part of the study area. The Ventersdorp 
Supergroup comprises andesitic to basaltic lavas together 
with quartzites, shales and cherts (Du Toit 1954; SACS 
1980) and forms the hilliest part of the landscape. Isolated 
remnants of the Witwatersrand Supergroup occur along the 
western margins of the Ventersdorp Supergroup. The Wit-
watersrand Supergroup comprises quartzites, shales, con-
glomerates, andesetic lavas and tillite (Du Toit 1954; SACS 
1980). The arable land on the Ventersdorp Supergroup and 
Witwatersrand Supergroup is limited to pediment slopes 
where the soils usually exhibit well-developed rubble layers. 
A thick mantle of Quaternary aeolian Vaal River Sand 
occurs on a strip of land on the Orange Free State banks of 
the Vaal River. This may be of the same kind as the late 
Upper Pleistocene gamet-bearing, river border dunes 
described by Harmse (1963). 
Geomorphology and topography 
Kruger (1983a, 1983b) classified the Republic of South 
Africa in terms of broad terrain patterns and terrain morpho-
logical classes. Two terrain units, namely terrain unit 7 and 
terrain unit 10, are located in the study area. Terrain unit 7 
is defined as the Southern Inland Flats and terrain unit 10 as 
the Pre-Karoo Area. Two terrain morphological classes, 
namely Class 3 and Class 18, occur in the study area. Class 
3 is described as gently undulating flats with a low relief of 
o - 130 m. Class 18 is defined as hilly and lowlands with a 
low to high relief of 130 - 450 m (Kruger 1983a). Eighty 
percent of the area of Class 3 has slopes of less than 5% 
while 20 - 50% of the area of Class 18 has slopes of less 
than 5% (Kruger 1983a). The north-eastern area and part of 
the central area of the study area represents Class 18 while 
the rest of the study area is covered by Class 3. The study 
area is part of the gently undulating Highveld plateau, an 
early Tertiary erosion surface that has suffered some 
dissection by later erosion cycles (Van der Bank et al. 
1978). The east-west ridges of erosion-resistant Ventersdorp 
rocks and the hilly country in their vicinity comprise some-
what less of the study area than the pediplain (King 1963) 
on the softer Ecca sediments. A few circular pans, which 
seldom contain much water, occur on the Ecca pediplain. 
Large alluvial flats, such as the one at Springfield Collieries, 
Grootv\ei, are probably the result of aggregation. In the 
south, northerly winds have removed sand from the Vaal 
River and deposited it as a distinctive left-bank feature. 
The study area varies from 1500 to 1834 m above sea-
level with the highest point of 1834 m approximately 1 km 
east of Korporaalskop in the north-eastern part of the study 
area. 
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Figure 2 Map of the study area with the geological formations 
based on the 1: 250 000 2628 EAST RAND geological map 
(Department of Mineral and Energy Affairs 1986) (see Table 1 for 
explanations of symbols). 
Land types 
According to MacVicar et al. (1974), a land type is an area 
that can be demarcated on a 1:250000 scale map, with a 
specific degree of uniformity in macroclimate, terrain and 
soil pattern. Five land types, namely Ea, Ib, Ba, Bb and Ca, 
occur in the study area (Figure 3). The land types with their 
associated vegetation are fully discussed by the Land Type 
Survey Staff (1984) and by Breytenbach et al. (parts 2 - 4, 
in prep.). 
Climate 
According to Schulze (1965), the primary factors that 
control the climate of any given area are (i) latitude, which 
defines the quantity of solar radiation, (ii) position in terms 
of distribution of land and sea, (iii) altitude, (iv) general 
circulation of the atmosphere and its interferences, (v) sea 
currents, (vi) general nature of the topography, (vii) orienta-
tion in relation to mountains and hills, and (viii) vegetation 
cover. 
Grootvlei is situated in the Cwb zone of Koppen's (1900, 
in Schulze & McGee 1978) system for climatological classi-
fication. According to this system the Cwb climate can be 
described as: C: a warm temperate climate where the coldest 
month has a mean temperature between 18°C and _3°C; w: 
the dry season occurs during winter; b: the warmest month 
has a mean temperature below 22°C, but at least four 
months have mean temperatures above 10°C (Schulze & 
McGee 1978). 
According to Poynton' s Thermal Regions (1971, in 
Schulze & McGee 1978), the study area falls into Region 5. 
The region can be described as a cold-temperate zone with 
an effectiveness index of 520 to 997 mm. Moderate frost 
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Table 1 Chronostratigraphic and lithostratigraphic divisions in the Grootvlei area, south-
ern Transvaal (adapted from SACS 1980) 
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Legend: Qw, Aeolian sand; Jd, Dolerite; Pv, Sandstone, shale, coal beds; Vdi, Diabase; R, Undifferentiated 
Witwatersrand quartzite, shale; Rk, Basaltic lava, agglomerate, tuff; Rt, Quartzite, conglomerate, sandy shale; 
Rb, Shale; Rjo, Quartzite, conglomerate; Rg, Quartzite, greywacke, conglomerate, shale, tillite; Rh, Shale 
(partly ferruginous), quartzite, banded ironstone. 
occurs and the approximate mean monthly minimum temp-
erature for the coldest month lies between -5 and O°e. The 
details of the nine weather stations in the Highveld Region 
from which the climatic data were obtained, are given in 
Table 2. 
Temperature 
Photothermal units 
According to the map for photothermal units above 10°C, as 
compiled by the Sub-division:Agricultural Meteorology of 
the Soil and Irrigation Research Institute (1975), the study 
area is divided as follows. From March to October, the 
north-eastern part is situated in the 15000 - 19 999 photo-
thermal units above 10°C zone and the rest of the study area 
is situated in the 20 000 - 24 999 photothermal units above 
10°C zone. From April to September the study area receives 
1 - 5000 photothermal units above 10°C except for a small 
area in the south-west, which receives 5001 - 10 000 photo-
thermal units above 100e. 
Air temperature 
Since there is no weather station in the study area, the air 
temperature data of the Villiers, Heidelberg and Standerton 
weather stations are used in the discussion (Table 3). The 
mean daily maximum temperature fluctuates between 
17.2°C in July at Standerton and 27.9°C in January at 
Villiers, and the mean daily minimum temperature varies 
between -2.7°C in June and 14.2°C in January, as recorded 
at Villiers (Table 3). The mean monthly temperature varies 
from 7.5°C in June to 21.1°C in January as recorded at 
Villiers. The extreme maximum temperature of 37.4°C 
(1989-12-31) and the extreme minimum temperature of 
-12.8°C were recorded at Standerton (Table 4). According 
to Table 3, September to March are the warmer and April to 
August the colder months of the year in the study area. 
Rainfall 
With the use of Principal Component Analysis (PCA) and 
simple linkage analysis, Olivier & Van Rensburg (1987) 
divided the south-eastern Transvaal into the western, central 
and eastern homogeneous rainfall regions. The rainfall 
shows a decline from the north-east to the south-west of the 
area. Grootvlei is situated in the western part which is 
characterized by intermediate rainfall of 550 - 650 mm per 
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year (Olivier & Van Rensburg 1987). 
The short-term rainfall statistics for the nine weather 
stations are given in Table 5. 
The highest mean yearly rainfall of 799.1 mm and the 
lowest mean yearly rainfall of 604.5 mm were measured at 
Greylingstad and Wittebank, respectively (Table 5). The 
highest mean monthly rainfall of 363.5 mm was measured in 
December at Villiers (Table 6). The extreme maximum rain-
fall within 24 h of 106 mm was measured at Standerton 
(1980-01-22). 
Solar radiation . sunshine duration and cloud cover 
Solar radiation 
In the study area the incoming radiation during winter 
varied from 150 to 160 units per day while incoming radia-
tion during summer varied from 230 to 240 units. where one 
unit is equal to 100 ()()() 1.m2.day (South African Weather 
Bureau 1968). 
Sunshine duration 
Figure 3 A map of the land types of the study area based on the 
Land Type series map 2628 DC EAST RAND (1979). 
Information on sunshine duration is only available for the 
Villiers weather station over a period of 10 years (1977 -
1987) (Table 7). 
Table 2 Details of the nine weather stations in the Highveld Region from which the 
climatic data was obtained" 
Weather station 
Villiers (Ko6perasie) (404/152) 
Heidelberg (0476/660 AI) 
Standerton (0441/416 AO) 
Barnardskop (440/263) 
Beerlaagte (439/769) 
Grootv lei (440/18) 
Greylingstad (SAR) (440/435) 
Greylingstad (440/464) 
Wittebank (440/449) 
Latitude 
27°02' 
26°30' 
26°56' 
26°53' 
26°49' 
26°48' 
26°45' 
26°44' 
26°59' 
Observation period (years) 
Longitude Altitude (m) for temp. for rainfall 
28°37' 1493 10 10 
28°21' 1541 20 75 
29°14' 1559 25 6 
28°39' 1585 0 8 
28°26' 1615 0 45 
28°31' 1539 0 42 
28°45' 1588 0 46 
28°46' 1588 0 9 
28°45' 1524 0 37 
*Weather Bureau 1965, 1986; Soil and Irrigation Research Institute. Private Bag X79, Pretoria 0001. 
Table 3 Long-term temperature data (Oe) as recorded at Villiers (V), Heidelberg (H) and 8tanderton (8) (see Table 2) 
Mean daily 
max. temp. 
Mean daily 
min. temp. 
Mean daily 
temp. 
Highest monthly Highest monthly Lowest monthly Lowest monthly 
max. temp. min. temp. max. temp. min. temp. 
Month 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
v H S v H S V H S v H S 
27.9 27.7 26.8 14.2 13.9 13.6 21.1 20.8 20.2 33.5 32.7 31.6 
27.8 26.8 26.0 14.0 13.1 13.0 20.9 19.9 19.5 32.8 30.8 30.S 
26.8 25.4 25.1 11.5 11 .5 11.2 19.2 18.5 18.2 31.5 29.9 29.7 
24.4 23.4 22.3 7.4 7.1 7.2 16.0 15.3 14.7 29.4 27.6 26.7 
21.6 20.5 19.9 1.9 2.1 2.5 11.8 11.3 11.1 26.4 24.6 24.6 
17.8 17.7 17.2 -2.7 -2.0 -1.6 7.5 7.3 7.8 22.3 21.9 21.6 
18.0 17.6 17.6 -2.4 -2.1 -1.6 7.8 7.7 8.0 22.6 22.6 22.1 
20.8 20.8 20.6 1.6 1.0 1.1 11.2 10.9 10.8 26.3 26.5 26.1 
23.5 23.9 24.3 6.7 5.8 5.7 IS.2 14.8 IS.0 30.6 32.0 30.3 
25.4 26.6 25.1 9.7 10.3 9.3 17.6 18.5 17.1 31.4 32.5 31.7 
Nov 26.7 27.6 26.4 12.3 11.9 11.5 19.2 19.2 18.3 32.2 32.3 30.9 
Dec 27.S 27.6 26.4 13.3 13.4 12.9 20.4 20.S 19.7 32.6 32.3 31.6 
Annual avo 24.0 23.7 23.0 7.2 7.2 7.1 IS.6 IS.1 IS.0 29.3 28.9 28.1 
V H S 
16.7 
16.4 
IS.6 
12.4 
8.9 
6.0 
5.1 
8.7 
11.8 
14.6 
IS.6 
16.2 
12.3 
v H S v H S 
19.3 9.S 11.7 8.9 
19.6 9.8 9.2 8.4 
18.0 S.8 6.6 5.3 
15.3 0.8 1.1 1.2 
13.1 -3.7 -4.4 -3.S 
10.4 -8.0 -7.5 ...{j .9 
10.3 -7.7 -7.4 ...{j.6 
12.0 -S.8 -S.3 -S.4 
13.1 -0.9 -0.9 -1.9 
14.8 2.2 3.9 2.6 
15.7 7.0 6.1 6.1 
18.2 8.8 9.4 8.3 
14.9 1.4 1.9 2.2 
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Table 4 Absolute temperatures (0C) as recorded at Standerton and Heidelberg (see Table 2)* 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
37.2 
35.2 
34.0 
31.7 
30.0 
25.0 
26.1 
29.9 
34.4 
35.2 
34.4 
37.4 
Absolute maximum daily temperature 
Standerton 
Date 
1929-01-05 
1984-02-15 
1984-03-03 
1933-04-01 
1933-05-03 
1932-06-01 
1940-07-31 
1922-08-30 
1923-09-30 
1961-10-21 
1968-11-06 
1982-12-31 
36.6 
36.1 
33.9 
30.7 
28.4 
25 .8 
25.0 
29.0 
34.4 
35.1 
37.1 
36.7 
Heidelberg 
Date 
1929-01-05 
1914-02-03 
1915-03-17 
1933-04-01 
1937-05-11 
1941-06-03 
1940-07-24 
1931-08-27 
1923-09-30 
1905-10-18 
1941-11-24 
1925-12-25 
*Weather Bureau 1986. 
Table 5 The mean annual rainfall (mm) 
for nine stations on the Highveld* 
Station 
Villiers 
Heidelberg 
Standerton 
Bamardskop 
Beerlaagte 
Grootvlei 
Greylingstad (SAR) 
Greylingstad 
Wittebank 
Mean annual rainfall 
635.0 
699.7 
705.0 
655.3 
628.1 
632.7 
699.3 
799.1 
604.5 
*Weather Bureau 1986; Soil and Irrigation Research 
Institute, Private Bag X79, Pretoria 0001 . 
Absolute minimum daily temperature 
2.5 
3.3 
0.6 
-5.3 
-10.6 
-12.8 
-12.8 
-11.7 
-7.8 
-3.8 
-1.1 
2.2 
Standerton 
Date 
1960-01-05 
1924-02-20 
1930-03-15 
1917-04-30 
1918-05-31 
1907-06-11 
1913-07-18 
1913-08-16 
1930-09-16 
1913-10-01 
1912-11-25 
1907-12-08 
Cloud cover 
5.7 
3.3 
1.9 
-3.7 
-8.7 
-11.1 
-11.3 
-10.6 
-10.7 
-1.2 
1.3 
2.2 
Heidelberg 
Date 
1936-01-21 
1928-01-28 
1937-03-31 
1939-04-28 
1918-05-31 
1912-06-26 
1921-07-25 
1926-08-06 
1931-09-02 
1936-10-05 
1941-11-03 
1944-12-01 
No information on cloud cover is available for the study 
area. The discussion on cloud cover is based on information 
from the Standerton weather station over a period of six 
years (Table 8). 
Thunder, hail, snow and mist 
Thunder 
The average number of days per year with thunder is 45.8, 
occurring mainly during October to March (Table 9). 
Hail 
The average number of days with hail per year is 4.4, occur-
ring mainly during October to December (Table 9). 
Table 6 The highest monthly maximum, minimum and average rainfall (mm) as recorded at Villiers, Heidelberg and 
Standerton (see Table 2)* 
Station 
Villiers 
Mean rainfall 
per year 
635.0 
Max. 
Min. 
Av. 
Jan 
168.5 
48.5 
114.8 
Feb 
188.0 
4.0 
74.5 
Mar 
88.0 
12.0 
52.0 
Apr May 
38.5 
0.0 
21.2 
25.5 
0.0 
6.5 
Jun 
13.0 
0.0 
3.8 
Jul 
17.5 
0.0 
4.1 
Aug Sep 
73.0 133.0 
0.0 4.0 
21.1 35.7 
Oct Nov Dec 
160.5 152.0 363.5 
8.0 45.0 46.0 
86.7 90.9 123.7 
Max. 305.6 273.1 291.2 178.5 147.5 71.7 63.8 68.3 91.2 152.7 461.1 243.1 
Heidelberg 699.7 
Standerton 705.0 
Min. 
Av. 
Max. 
Min. 
Av. 
24.4 1.4 9.1 0.0 0.0 
122.2 100.2 81.7 40.4 18.6 
0.0 
6.3 
0.0 
7.3 
269.0 279.0 133.0 156.0 70.0 42.0 57.0 
38.0 12.0 2.0 1.0 0.0 0.0 0.0 
115.0 102.0 61.0 48.0 16.0 7.0 9.0 
*Weather Bureau 1986; Soil and Irrigation Research Institute, Private Bag X79, Pretoria 0001. 
Table 7 Average sunshine duration (hours) as recorded at Villiers (see Table 2)* 
Month 
Jan Feb Mar Apr May Jun Jui Aug 
Average sunshine duration (h) 8.6 8.6 7.9 8.0 8.5 8.4 8.4 8.6 
*Soii and Irrigation Research Institute, Private Bag X79, Pretoria 0001. 
0.0 0.0 0.0 11.3 8.0 
7.5 21.7 63.1 119.2 111.5 
88.0 66.0 141.0 254.0 302.0 
0.0 1.0 24.0 26.0 28.0 
13.0 25.0 76.0 116.0 117.0 
Sep Oct Nov Dec 
8.2 8.3 8.4 8.9 
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Table 8 The average cloud cover (0 - 8 scale) as recorded at Standerton (see Table 2)* 
Month 
Average 
Time per year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
08:00 3.5 4.6 4.6 4.5 4.1 2.8 2.5 2.3 2.4 2.6 3.4 4.3 4.3 
14:00 3.4 4.9 4.6 4.5 3.8 2.4 1.7 1.3 1.7 2.9 4.1 5.0 4.6 
20:00 2.7 4.7 3.8 3.5 2.6 1.3 0.8 0.7 1.1 2.1 3.3 4.4 4.2 
"'Weather Bureau 1986. 
Table 9 The average number of days per month with thunder, hail, snow and mist for Standerton weather station over 
a period of 33 years· 
Annual 
average Jan Feb Mar Apr May 
Thunder 45.8 7.4 4.6 4.8 2.5 0.8 
Hail 4.4 0.4 0.2 0.6 0.3 0.2 
Snow 0.9 0.0 0.0 0.0 0.1 0.1 
Mist 44.0 1.1 3.1 5.9 5.3 7.8 
"'Weather Bureau 1986. 
Snow 
The average number of days with snow per year is 0.9 
(Table 9). 
Mist 
The average number of days with mist per year is 44, occur-
ring mainly from March to August (Table 9). 
Relative humidity 
Data from the Standerton and Villiers weather stations over 
a period of 33 years (1951 - 1984) and 9 years (1978 -
1987), respectively, are used in the discussion. 
The highest mean maximum percentage relative humidity 
as recorded at Villiers, occurs from November to April, 
compared to January to July at Standerton. 
Summary 
The rainfall and temperature data of the weather stations are 
Month 
Jun Jul Aug Sep Oct Nov Dec 
0.4 0.6 1.7 2.9 6.4 7.0 6.7 
0.0 0.1 0.3 0.1 0.8 0.7 0.7 
0.2 0.3 0.1 0.1 0.0 0.0 0.0 
6.4 7.1 4.0 1.7 1.0 0.4 0.2 
summarized in Walter climate diagrams (Figure 4). 
Methods 
In the study the Ziirich-Montpellier phytosociological 
approach (Braun-Blanquet 1932; Werger 1974) was used to 
define and describe the different plant communities as it is 
the most popular and acceptable method in use in South 
Africa (Bredenkamp 1975; Van Rooyen 1978; Deall 1985; 
Kooij 1990). The Rangeland Ecology Section of the Roode-
plaat Grassland Institute is an advocator of this approach 
and the fact that other studies in the Grassland Biome 
(Bredenkamp 1975; Deall 1985; Bezuidenhout 1988; Turner 
1989; Bloem 1988; Kooij 1990) were done with this 
approach, contributed to its selection. 
The vegetation was sampled with the use of stratified 
random sub-quadrats. The study area was stratified by 
means of geology and land types. Experiments during the 
reconnaissance phase in the study area showed that more 
°c VILLIERS (1493m) 24° 635 °c STANDERTON (1559m) 23° 685 mm °c HEIDELBERG (1541m) 23,7° 699 mm 
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Figure 4 Climatic diagrams for the study area according to Walter (1963). 
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information was obtained with the sub-quadrat method in 
terms of time and energy spent, than a single-square 
quadrat. A stratified random method was used for the 
placement of releves. The sub-quadrats were rectangular 
with the ratio of the sides two: one, since this is more 
effective than square quadrats (Oosting 1956; Cain & Castro 
1959). The sub-quadrats used were 3 m in length and 1.5 m 
in width (Turner 1989). Sub-quadrats are repeatedly placed 
until the increase in new species is less than 10%. A 
minimum of three sub-quadrats per releve was maintained (a 
minimum area of 13.5 m2) (Turner 1989). The releves were 
placed by using random coordinates which were generated 
by computer. In each releve, floristic composition and the 
cover of each species were determined using the Braun-
Blanquet cover-abundance scale (Mueller-Dombois & Ellen-
berg 1974). Taxon names (Myburgh et al., in prep.) 
conform to those of Gibbs Russell et al. (1985, 1987). 
Data analysis was carried out using 1WINSPAN (Hill 
1979b) for the first set of releve and species sequences, and 
thereafter the table was refined using Braun-Blanquet proce-
dures (Behr & Bredenkamp 1988; Bredenkamp et al. 1989). 
The data were ordinated by using Detrended Corre-
spondence Analysis (DECORANA) (Hill 1979a). 
Results 
The Bb Land Type occupies 9800 ha of the total study area 
(Figure 5). The dominant soils of the Bb Land Type are of 
the Avalon, Glencoe, Longlands, Hutton, Wasbank, Rens-
burg and Bonheim forms. The predominant geology of the 
area is shale, sandstone and grit of the Ecca Group, Karoo 
Sequence. The dominant terrain units of the area are terrain 
unit 3 (60% of the area) within the slope class 1 - 3%, and 
terrain unit 1 (30% of the area) within the slope class 1 -
2% (Land Type Survey Staff 1985). The average rainfall of 
45" 
Korporaalskop 
.. 
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the Bb Land Type is 666.2 mm (Land Type Survey Staff 
1985). The area of the Bb Land Type as well as the time 
available determined the number of releves. Releves were 
compiled in 19 stratified random sample plots. 
The vegetation of the Bb Land Type (Table 10) can be 
described as a Themeda triandra - Eragrostis curvula 
Grassland with Eragrostis curvula, Themeda triandra, 
Cynodon dactylon and Aristida congesta as the most 
common species, with high cover abundance values (species 
group H, Table 10). On average, 11 species were recorded 
per releve. The presence of pioneer species such as Cynodon 
dactylon and Aristida congesta suggests that the veld has 
been over-grazed (Landbou-ontwikkelingsprogram: Hoo-
veldstreek 1986). This grassland is situated on deep (>900 
mm) sandy soils of the Avalon Form and also shallower 
«300 mm) loam and clayey soils to deep (>300 mm) loam 
and clayey soils of the Cloverly, Pinedene, Westleigh, 
Mispah, Arcadia and Rensburg forms (MacVicar et al. 
1977). The grassland occurs at an altitude of 1520 - 1600 m 
above sea-level on slopes with an inclination of 0 - 30 and 
on terrain units 3, 4 l,Ind 5 (Figures 6 & 7). The percentage 
above-ground rock cover varies between 0 and 20%. Shrubs 
and trees are absent in this grassland. 
Classification 
The grassland is divided into the following three main plant 
communities (Table 10, Figure 7): 1.1 the high-lying 
Cynodon dactylon - Pogonarthria squarrosa Grassland on 
deep (>900 mm) sandy soils; 1.2 the Themeda triandra -
Aristida sciurus Grassland on shallow «300 mm) rocky 
soils; and 1.3 the low-lying Eragrostis curvula - Eragrostis 
plana Grassland on the floodplains. The Eragrostis curvula 
- Eragrostis plana Grassland is divided into the following 
sub-communities: 1.3.1 Eragrostis plana - Paspalum dilata-
tum Grassland; 1.3.2 Eragrostis plana - Digitaria ternata 
Grassland; 1.3.3 Eragrostis plana - Elionurus muticus 
Grassland; and 1.3.4 Eragrostis plana - Commelina a/ri-
cana Grassland. 
~ Description of plant communities 
Rooikoppe 
.. 
Barnardskop 
.. 
Bakenkop 
.. 
Figure 5 The location of the Bb Land Type in the study area 
(Land Type Survey Staff 1984). 
1.1 The Cynodon dactylon - Pogonarthria squarrosa 
Grassland 
The Cynodon dactylon - Pogonarthria squarrosa Grassland 
is situated on deep (>900 mm) sandy soils (0 - 6% clay) of 
the Avalon Form (MacVicar et al. 1977) with sandstone 
(Qw) as the parent material (Figure 6). This grassland 
occurs at an altitude of 1540 m above sea-level on slopes 
with an inclination of 0 - 10 on terrain unit 1 (Figure 7), 
near a non-perennial circular pan (Figure 6). Above-ground 
rock is absent in this community. On average, eight species 
were recorded per releve. 
The plant community is characterized by the occurrence 
of the conspicious diagnostic species Pogonarthria squar-
rosa, Trichoneura grandiglumis, Solanum panduriforme and 
Cyperus rigidifolius (species group A, Table 10). Other 
grasses include Cynodon dactylon, Aristida congesta and 
Eragrostis curvula (species group H, Table 10). The mean 
basal cover of the herbaceous layer is 4%. 
1.2 The Themeda triandra - Aristida sciurus Grassland 
The Themeda triandra - Aristida sciurus Grassland is 
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associated with outcrops of dolerite dykes which occur in 
the study area (Figure 6). The soils of this community 
mostly represent the Arcadia Form (Mac Vicar et al. 1977). 
Table 10 Phytosociological table of the Bb land type 
Community numbers 
Releve numbers 
Spec i es group A 
Cyperus rigidif'olius 
Pogonarthria squarrosa 
Trichoneura grandiglumis 
Solanum pandurif'orme 
Species group B 
Aristida bipartita 
Aristida sciurus 
Cymbopogon plurinodes 
Heteropogon contortus 
Chenopodium schraderanum 
Garu I eum wood i i 
Crabbea acau lis 
Aristida sp. 
Abi Idgaardia ovata 
Hyparrhenia hirta 
Setaria sp. 
Bulbostyl is contexta 
Hypoxis species 
Brachiaria species 
Crabbea hirsuta 
Spec i es group C 
Eragrastis plana 
Berkheya pinnatif'ida 
Brachiaria serrata 
Species group D 
Helichrysum rugulosum 
Paspalum dilatatum 
Sporobalus arricanus 
Setaria nigrirostris 
Hermanni a depressa 
Spec i es group E 
Digitaria ternata 
Solanum supinum 
Urochloa panicoides 
Tagetus minuta 
Schkuhria pinnata 
Digitaria eriantha 
Asclepias multicau{is 
Hicrochloa carrra 
Anthericum cooperi 
Berkheya setit'era 
Species group F 
Eli anurus mut i cus 
Eragrost i s ,-acemosa 
Felicia f'ascicularis 
Ledebouria species 
Aptosimum indivisum 
Chaetacanthus costatus 
Evalvulus alsinoides 
Dicoma anomala 
Pentzia globosa 
Cyperus tenax 
Pentzia incana 
Species group G 
Cammel ina af'ricana 
Setari a pall ide-r'usca 
Chamaesyce inequilatera 
Oxal is obI iquif'ol ia 
Pseudognaphalium luteo-album 
Kohautia amatymbica 
Mariscus species 
Verbena bonariensis 
Walat'rida densif'lora 
Species group H 
Eragrostis curvula 
Themeda triandra 
Cynodon dactylon 
Aristida congesta 
1.1 1.2 1 . 3 
1.3.11.32 1.3.3 1.3.4 
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The depth of the soil varies between 150 and 300 mm and 
the above-ground rock between 10 and 20% (Figure 6). This 
grassland occurs at an altitude of 1520 - 1540 m above sea-
level and mainly on the concave terrain unit 3 (Figure 7) on 
slopes with an inclination of 1 - 3°. On average, 13 species 
were recorded per releve. 
The diagnostic species are Aristida bipartita, Aristida 
sciurus, Cymbopogon plurinodes, Heteropogon contortus, 
Hyparrhenia hirta, Chenopodium schraderanum, Garuleum 
woodii, Crabbea acaulis, C. hirsuta, Abildgaardia ovata, 
Bulbostylis contexta and Hypoxis sp. (species group B, 
Table 10). Eragrostis curvula and Themeda triandra are 
dominant grasses in the community. The presence of Aris-
tida bipartita, A. sciurus and Cynodon dactylon suggests 
either over-grazing or another form of disturbance of the 
veld (Landbou-ontwikkelingsprogram: Hoeveldstreek 1986). 
Hyparrhenia hirta occurs on localized disturbed patches 
between the above-ground rocks. The mean basal cover of 
the herbaceous layer is 7%. 
1.3 The Eragrostis curvula - Eragrostis plana Grass-
land 
The Eragrostis curvula - Eragrostis plana Grassland is 
situated at an altitude of 1520 - 1600 m above sea-level on 
terrain units 3, 4 and 5 sloping with an inclination of 0 - 2°. 
The soils of this community represent the Clovelly, 
Pinedene, Westleigh, Mispah, Arcadia and Rensburg forms 
(Mac Vicar et al. 1977) with a soil depth that varies from 
200 to 1000 mm. 
The Eragrostis curvula - Eragrostis plana Grassland is 
characterized by the occurrence of Eragrostis plana and 
Berkheya pinnatifida (species group C, Table 10). Eragros-
tis plana, Eragrostis curvula, Themeda triandra, Elionurus 
muticus, Cynodon dactylon, Brachiaria serrata and 
Berkheya pinnatifida are dominant species (Table 10). 
1.3.1 The Eragrostis plana - Paspalum dilatatum 
Grassland 
The habitat of the Eragrostis plana - Paspalum dilatatum 
Grassland differs from the other two sub-communities 
because the soils are shallower «300 mm), the clay content 
is lower and the position in the landscape leads to better 
drained soils (Figure 6). The soils of the community are 
predominantly of the Clovelly Form (Mac Vicar et al. 1977) 
with a clay content of 25 - 35%. The above-ground rock 
cover varies between 5 and 10% (Figure 6). The community 
is situated at an altitude of 1600 m above sea-level on slopes 
with an inclination of 1 - 2°. On average, 12 species were 
recorded per sample plot. 
The diagnostic species of the community are Helichrysum 
rugulosum, Paspalum dilatatum, Sporobolus ajricanus, 
Setaria nigrirostris and Hermannia depressa (species group 
D, Table 10). Eragrostis curvula, Themeda triandra and 
Cynodon dactylon are dominant grasses. Aristida congesta 
and Cynodon dactylon occur in localized disturbed areas. 
The short-grazed Themeda triandra and the ungrazed Era-
grostis plana indicate selective grazing. This selective 
grazing together with termite activity result in degradation 
of the veld. The mean basal cover of the herbaceous layer is 
9%. 
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Themeda triandra - Eragrostis curvula Grassland 
I 
Geology Ow (Aeolian sand) Geology Pv (sandstone, shale, coal beds), Jd (dolerite), 
Deep (900 mm) sandy soils (0 - 6% clay) 
Terrain unit 1 
Rk (basaltic lava, agglomerate tuff) 
Extremely good drainage 
No above·ground rock 
Shallow to deep loam/clayey soils (20 - 55% clay) 
Terrain units 3, 4 and 5 
Good to poor drainage 
Above·ground rock cover 0 - 20% 
Above·ground rock cover 0 - 10% 
Shallow «300 mm) rocky 
clayey soils 
I 
Above·ground rock cover 0 - 10% 
Shallow to deep (200 - 1000 mm) 
loam/clayey soils 
I 
Above·ground rock cover 0 - 10% 
Geology Rk 
No above· ground rock 
Geology Pv and Jd 
Terrain units 4 and 5 Terrain unit 3 
1 .1 1.2 
Communities 
1.3.1 
Good drainage 
Ungleyed 
Geology Pv and Jd 
Terrain unit 4 
I 
Geology Pv 
I I 
Geology Jd 
I I 
1.3.2 1.3.3 
I 
Bad drainage 
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Terrain units 4 and 5 
1.3.4 
Figure 6 Dendrogram to illustrate the habitat relationships of the communities in the Bb Land Type (see text for community names). 
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Figure 7 The location of the communities in the Bb Land Type 
on topographical types (see text for community names). 
1.3.2 The Eragrostis plana - Digitaria ternata Grass-
land 
The Eragrostis plana - Digitaria ternata Grassland is situ-
ated on black vertic soils of the Arcadia Form (Mac Vicar et 
al. 1977) with a clay content of more than 55% and an 
average soil depth of 730 mm. No above-ground rock occurs 
in the community (Figure 6). The community occurs at an 
altitude of 1520 - 1550 m above sea-level on terrain unit 4 
(Figure 7) on slopes with an inclination of 0 - 1° (Figure 6). 
On average, 13 species were recorded per sample plot. 
The community is characterized by the diagnostic species 
Digitaria ternata, Solanum supinum, Urochloa panicoides, 
Tagetus minuta, Schkuhria pinnata, Digitaria eriantha, 
Asclepias multicaulis, Microchloa ca//ra, Anthericum 
cooperi and Berkheya setifera (species group E, Table 10). 
Eragrostis curvula, Themeda triandra and Cynodon 
dactylon are dominant grasses in the community. Generally 
the veld is selectively grazed with Themeda triandra exten-
sively grazed and Eragrostis plana ungrazed. In the over-
grazed areas the dicotyledonous forb Berkheya pinnatifida is 
conspiciously present. The mean basal cover of the 
herbaceous layer is 10%. 
1.3.3 The Eragrostis plana - Elionurus muticus Grass-
land 
The Eragrostis plana - Elionurus muticus Grassland is situ-
ated on dolerite (Jd) (Figure 6) that erodes to a vertic clayey 
soil of the Arcadia and Rensburg forms (Mac Vicar et al. 
1977). Shallow rocky soils are also present in this commun-
ity. The community is situated at an altitude of 1540 - 1560 
m above sea-level on terrain unit 4 (Figure 7) on slopes with 
an inclination of 0 - 2° (Figure 6). On average, nine species 
were recorded per sample plot. 
The diagnostic species of the community are Elionurus 
muticus, Eragrostis racemosa, Brachiaria serrata, Felicia 
/ascicularis, Aptosimum indivisum, Chaetacanthus costatus, 
Evolvulus alsinoides, Dicoma anomala, Pentzia globosa, P. 
incana, Cyperus tenax and Ledebouria sp. (species group F, 
Table 10). Eragrostis curvula. E. plana and Themeda 
triandra are dominant grass species in the community with 
Berkheya pinnatifida as the most prominent dicotyledonous 
forb. Very few dicotyledonous forbs occur where dead plant 
material accumulates, resulting in uncovered ground 
between tufts of grass. In areas where there is less accumu-
lation of dead plant material, more forbs occur and the basal 
cover of the grasses is higher. The mean basal cover of the 
herbaceous layer is 12%. 
1.3.4 The Eragrostis plana - Commelina africana 
Grassland 
The Eragrostis plana - Commelina africana Grassland is 
situated on clayey soils (generally gleyed) of the Rensburg, 
Pinedene and Westleigh forms (MacVicar et al. 1977). The 
clay content of the soil is more than 55% with an average 
. soil depth of 550 mm, The community is associated with 
sandstone and shale and is situated at an altitude of 1540 m 
above sea-level on terrain units 4 and 5 (Figure 7) on slopes 
with an inclination of 0 - 2° (Figure 6). No above-ground 
rock is present in the community. On average, eight species 
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were recorded per sample plot. 
The community is characterized by the diagnostic species 
Setaria pallide-fusca, Brachiaria serrata, Commelina afri-
cana, Chamaesyce inequilatera, Oxalis obliquifolia, Pseu-
dognagphalium luteo-album, Kohautia amatymbica, Ver-
bena bonariensis, Unum thunbergii, Walafrida densiflora 
and Mariscus sp. (species group G, Table 10). Eragrostis 
curvula and Eragrostis plana are dominant grasses in the 
community. Other grasses in the community are Themeda 
triandra and Cynodon dactylon. The condition of the veld 
varies from good where Themeda triandra has a high basal 
cover to poor where Themeda triandra has a low basal 
cover, and in disturbed open spaces where only Cynodon 
dactylon occurs. Hyparrhenia hirta can also be found on 
localized disturbed areas. In areas where dead plant material 
accumulates the occurrence of forbs is very low. The mean 
basal cover of the herbaceous layer is 8%. 
Ordination 
The data were ordinated by using Detrended Correspond-
ence Analysis (DECORANA) (Hill 1979a). In the scatter 
diagram a distinct separation between the different commun-
ities of the Bb Land Type can be observed (Figure 8). The 
first and second axes of the ordination were used for the 
illustration of the plant communities and environmental 
interactions. The first axis is responsible for 77% (eigen-
value of 0.770) and the second axis for 43.2% (eigenvalue 
of 0.432) of the variation in the data set. The rei eves of the 
Cynodon dactylon - Pogonarthria squarrosa Grassland (A) 
are separated from the other communities on the basis of the 
drainage of the soils. This community is situated on terrain 
unit 1 (Figure 7). The releves of the Themeda triandra -
Aristida sciurus Grassland (B) on terrain unit 3 (Figure 7) 
are separated from the releves of the Eragrostis curvula -
Eragrostis plana Grassland (C) on terrain units 4 and 5 
(Figure 7) on the basis of a soil drainage gradient., with the 
exception of one releve (Figures 6 & 8). 
Conclusion 
According to Watts (1971, in Schulze & McGee 1978) there 
are four factors that potentially confine the growth of plants, 
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Figure 8 The DECORANA ordination of the vegetation of the Bb 
Land Type in the Villiers - Grootvlei area. A, Cynodon dactylon 
- Pogonarlhria squarrosa Grassland; B, Themeda Iriandra -
Arislida sciurus Grassland; C, Eragroslis curvula - Commelina 
africana Grassland. 
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namely climate, topography, soil and biotic factors. A 
knowledge of the physical environment is essential in order 
to understand and interpret the vegetation-environment rela-
tionships. 
The vegetation of the Bb Land Type is classified in three 
main communities and one community is divided into four 
sub-communities. The communities are mainly divided 
along a soil drainage gradient, and this is confirmed by the 
DECORANA ordination. These plant communities combined 
with similar plant communities in the Ea, Ca, Ba and Ib land 
types, in the study area, form management units. 
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